ABSTRACT: Effects of social interactions on responses to selection for ADG were examined with records of 9,720 boars from dam lines (1 and 2) and sire lines (3 and 4) provided by Pig Improvement Company. Each line was analyzed separately. Pens contained 15 boars. Average daily gains were measured from about 71 to 161 d of age and BW from 31 to 120 kg. Models included fixed effects of contemporary groups and initial test age as a covariate and random direct genetic (a), social genetic (c), social environmental (ce), and litter (lt) effects. Estimates of direct heritability with model 1 (the full model with a, c, ce, and lt) were 0.21, 0.28, 0.13, and 0.15 for lines 1 to 4. Estimates of heritability of social effects were near zero. Estimates of total heritable variance were 55, 52, 38, and 96% of phenotypic variance for lines 1 through 4. Empirical responses to selection with model 1 were calculated using the parameter estimates from model 1. For response of 1 genetic SD for both components (a and c), the proportions of expected total gain due to social effects (with economic weights of 1 and pen size-1 = 14) were 54, 28, 65, and 65% for the 4 lines. Genetic superiorities of the top 10% of boars were calculated for boars ranked using reduced models, but with EBV calculated using the full model (model 1). Average total breeding values (ETBV = EBV a +14EBV c ) for the top 10% of boars selected with model 1 were 74.08, 94.26, 31.79, and 92.88 g for lines 1 through 4, respectively. For rankings based on model 2 (a, ce, and lt), but EBV calculated with model 1, average total breeding values for the top 10% were 68.15, 94.03, 7.33, and 84.72 g with empirical correlated responses for genetic social effects from selection for direct effects of 0.93, 1.89, −2.19, and 3.52 g for lines 1 to 4.
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INTRODUCTION
Current selection programs based on BLUP to predict genetic merit have the assumption of an additive genetic model with no interaction among genotypes. If genetic social effects exist, such an assumption may not be valid and could result in less than expected response to individual selection if selection is based only on direct additive genetic models (Griffing, 1967; Wright, 1986; Muir, 2005) . Mixed model equations incorporating social effects were applied recently to predict genetic gains for individual selection (Muir and Schinckel, 2002) . For swine selected on growth and raised in groups, competition with pen mates might affect group performance. Estimates of heritability of social effects appear to be very low in swine Arango et al., 2005; Chen et al., 2008) when estimated with REML. Significantly larger estimates of parameters for direct genetic effects, however, were obtained when social effects were ignored. Recently, Bijma et al. (2007) showed how social effects may contribute to total heritable variance. Instead of heritability of social effects, the ratio of total heritable variance to phenotypic variance was suggested as a measure of the importance of social effects (Bergsma et al., 2008) . However, expected response to selection depends not only on the total heritable variance but also on the accuracy of the weighted index. The objective of this study was to investigate the relative importance of social effects on response for total genetic value from selection of boars for ADG.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the data were obtained from an existing database. 
Effects of social interactions on empirical responses to

Data
Records of 9,720 boars from dam lines (1 and 2) and sire lines (3 and 4) from Pig Improvement Company (PIC, Franklin, KY) were analyzed. Data were from 4 test farms over a 4-yr period (2000 to 2003) . The area of pens for 2 test farms was 12 m 2 and was 14 m 2 for another 2 test farms. Boars were penned by line with 15 per pen. There were no additive relationships among lines. Average daily gain was part of the selection criteria for the 4 lines. Three to 5 sets of full sibs were in 85, 91, 86, and 93% of the pens for the 4 lines. Data were also described in a previous study (Chen et al., 2008) . Number of records and unadjusted means for ADG and age on test by line are shown in Table 1 . The full pedigree file included 43,585 animals. Numbers of sires and dams that had progeny with records were 739 and 3,466, respectively.
Statistical Models and Analyses
Previous studies indicated that including social environmental effects as permanent environmental effects in the model seems to account for most of the variation usually attributed to pen effects, because pen and social permanent environmental effects are nearly completely confounded (Van Vleck et al., 2007; Bergsma et al., 2008; Chen et al., 2008) . For plants, Cappa and Cantet (2006) presented a method that might be useful to untangle the confounding among effects. In the case of animals, however, such a method would require special designs. The data structure in this study did not allow such an analysis. Thus, models in a previous study (Chen et al., 2008) were used. Models that have difficulty in separating estimates of variance components were excluded (e.g., pens as fixed effects and pens and social permanent environmental effects both included as random effects). Models with social permanent environmental effects, but not random pen effects, were chosen for this study. , where y iks is ADG for animal i within contemporary group k belonging to litter s; a i is the direct additive genetic value of animal i; ∑c j and ∑ce j are the sums of social (genetic and environmental) effects for 14 pen mates of animal i; lt s is assumed to be an independent random litter effect; and e iks is assumed to be an independent random residual effect. The equations for models 2, 3, and 4 were y = cn + a + ce + lt + e for model 2, Competition effects on response to selection with a, the vector of random direct genetic effects augmented for all animals in the pedigree; c, the vector of random social genetic effects augmented for all animals in the pedigree; ce, the vector of random social permanent environmental effects for animals with records; lt, the vector of random litter effects; and e, the vector of random residual effects. The augmented numerator relationship matrix among all animals is A, I n is an identity matrix with order of the number of records (n), and I s is an identity matrix with order of the number of litter(s Estimates of variance components were obtained with a single trait animal model using the MTDFREML programs (Boldman et al., 1995) (Muir, 2005 (Muir, 2005; Bijma et al., 2007; Van Vleck et al., 2007) .
Total estimated breeding values for ADG were calculated for each boar with each model to determine ranking within lines. Ranks of boars between models were compared using Spearman's rank correlation. Estimates of correlations of breeding values of boars calculated with different models were compared using Pearson product moment correlations with the CORR procedure (SAS Inst. Inc., Cary, NC). Genetic superiorities (empirical responses to selection) for TBV of the top 10% of boars were calculated with rankings based on reduced models, but with estimated breeding values calculated with model 1 (full model). Another approach would have been to calculate accuracy of ETBV, which is proportional to expected response to selection. One difficulty is that accuracies will be somewhat different for each animal, although an average accuracy might be used. A greater difficulty is that computing accuracy for the reduced models is a function of the true model (Henderson, 1975) .
RESULTS AND DISCUSSION
Estimates of Genetic Parameters
Estimates of (co)variances and genetic parameters for ADG with the 4 models for the 4 lines are in Tables  2 and 3 . Analyses using subsets by line had similar patterns for estimates of variance components as with the same models described in the previous study (Chen et al., 2008) . Differences in estimates of variance components with various models for each line might be due to sampling or to real differences among the lines (e.g., estimates of direct heritability for the sire lines were about 60% of those for the dam lines).
With model 1 (a, c, ce, and lt), estimates of direct heritability were 0.21, 0.28, 0.13, and 0.15 for lines 1 through 4, respectively. Estimates of heritability of social effects were near zero and ranged from 0.000 to 0.003 for the 4 lines. Estimates of the genetic correlation between direct and social effects (r ac ) were variable (−0.37 to 0.74), but were based on very small estimates of s c 2 . The estimate of the genetic correlation between direct and social effects could not be estimated for line 2, because the estimate of heritability of social effects was zero. 
Empirical Responses to Selection and Ranking on EBV
Empirical responses to selection were calculated with model 1 under the assumption that estimates of parameters from model 1 for each line were true values. For response of 1 genetic SD for both components (a and c), the proportions of expected total gain due to social effects (with economic weights of 1 and pen size-1 = 14) were 54, 28, 65, and 65% for the 4 lines with model 1. These calculations, however, depend on gain of 1 Competition effects on response to selection genetic SD for social effects, which would be difficult to attain.
For each of the 4 lines, Spearman rank correlations between ranks of boars were calculated using EBV from each model as a measure of how well EBV from reduced models were able to rank animals compared with model 1. Spearman rank correlations within lines were: 0.30 to 1.00, 0.84 to 0.96, and 0.64 to 0.98 between model 1 and models 2, 3, and 4. In some lines boars selected based on reduced models were ranked much differently compared with the full model. For example, rank correlations between models 1 and 2 were 0.92, 1.00, 0.30, and 0.91 for lines 1 through 4. Selection in line 3 based on model 2 was greatly different from selection based on model 1. Rank correlation coefficients between models 1 and 3 were 0.84, 0.91, 0.88, and 0.96 for lines 1 through 4. Rank correlation coefficients between models 1 and 4 were 0.98, 0.96, 0.64, and 0.98 for lines 1 through 4. Average Spearman rank correlations over all lines were 0.78, 0.90, and 0.89 between model 1 and models 2, 3, and 4.
Average total ETBV are equal to the sum of estimated direct breeding values (EBV a ) and estimated social breeding values (EBV c ) weighted by 14 (number of competitors in a pen) with models 1 and 3. With models 2 and 4, the average ETBV are equal to EBV a . Pearson product-moment correlations also were used to compare estimates of breeding values with different models. Correlations between EBV a and EBV c with model 1 were highly variable among lines: 0.41, 1.00, −0.72, and 0.96 for lines 1 to 4. This variation is probably due to small, but variable, estimates of heritability for social effects. Average product-moment correlations for ETBV over all lines were: 0.79, 0.91, and 0.90 between model 1 and models 2, 3, and 4.
The potential for decreased genetic superiority with reduced models can be illustrated by selecting the top 10% of boars with rankings based on the reduced models, but with estimated breeding values calculated with model 1 (Tables 4 and 5 The decreases in averages of estimated total genetic superiority due to ignoring genetic social effects for selecting the top 10% of boars were 8.00, 0.24, 76.94, and 8.79% with ranking based on model 2 compared with model 1 for lines 1 through 4. With estimates of heritability for genetic social effects close to zero, in the case of line 2, ignoring genetic social effects in the selection index did not change estimates of total genetic gains much compared with model 1. The decreases in estimated total genetic superiority due to ignoring social permanent environmental effects for selecting the top 10% of boars were 11.8, 10.3, 6.5, and 3.2% with ranking based on model 3 compared with model 1 for lines 1 through 4. With model 4 (both genetic and permanent environmental social effects ignored), the relatively large proportional decrease in genetic superiority was 39.1% in line 3, which had a negative s ac . The average decreases in estimated total genetic superiority over all lines were 23.59, 8.0, and 11.8% for models 2, 3, and 4, respectively, compared with model 1. Because estimates of variance components are by line, estimates of empirical responses to selection by line would also depend on sampling variation. General results across lines for calculating genetic superiorities of the top 10% of boars indicate that incorporating social effects in a selection index would improve total genetic gain even with small, but not near zero, variance of genetic social effects.
Accurate estimates of genetic parameters are needed for optimization of genetic improvement from selection. Genetic social effects may sometimes need to be included in statistical models to provide better estimates of direct genetic effects. To calculate total breeding value with a selection index, social breeding values should be weighted by number of competitors in a pen compared with a weight of 1 for direct breeding values. Empirical responses for total genetic value show that selection of animals based on models without social effects would result in reduced genetic gain when variances of genetic social effects are relatively large. Estimates of heritability for social effects were near zero for these 4 lines and these management conditions. However, total heritable variance due to both direct and social genetic effects was large, which suggests that incorporating social effects in selection indices might be important. Further study of the effects of social interactions in different environments is needed to determine situations in which effectiveness of selection for total genetic value can be improved by incorporating social effects in models and indexes.
An anonymous reviewer has suggested that this model for direct and social effects not be used in the future for several reasons. One reason is the complete confounding of fixed pen effects and environmental social effects and near confounding when pens are modeled as random effects. In this study pen effects were not included in the model. Another reason is one the authors and others have informally discussed; with many pigs in a pen, some pigs may never interact with other pigs. The authors look forward to publication of the appropriate model.
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